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(57) ABSTRACT

The resist composition of the present invention contains at
least one of a tannin and a derivative thereof. The method of
forming a resist pattern of the present invention includes:
forming a resist film on a surface of an object to be processed.,
by using the resist composition; and exposing and developing
the resist film. The method of manufacturing a semiconductor
device ol the present mnvention includes: forming a resist film
on a surface of an object to be processed, by using the resist
composition; exposing and developing the resist film to form
a resist pattern; and patterning the surface of the object by
performing an etching through the resist pattern as a mask.

18 Claims, 10 Drawing Sheets
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FIG. 5
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RESIST COMPOSITION, METHOD OF
FORMING RESIST PATTERN,
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No. 2005-
177031, filed on Jun. 16, 2005, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a resist composition suited
to the formation of a fine, highly-detailed resist pattern, and in
particular, to a resist composition using a molecular resist in
which the occurrence of nanoedge roughness can be sup-
pressed, and to a method of forming a resist pattern, a semi-
conductor device, and a method of manufacturing thereof
using the resist composition.

2. Description of the Related Art

Conventionally, polymers are generally used as resist com-
positions for forming resist patterns, from the standpoint that
a coated film can be easily obtained at the time of coating by
using the resist composition as a coating solution and by using,
spin coating or the like, and from the standpoint that, due to
the exposure thereafter, 1t 1s easy for areaction such as making,
insoluble or making easily soluble or the like to occur at the
developing liquid, or the like. Specifically, examples of the
polymer include novolak resin, polyacrylic acid, polyvinyl
phenol, polyvinyl pyrrolidone, polyvinyl alcohol, styrene-
maleic acid copolymer, melamine resin, and the like.

However, 1n resist compositions using these polymers, the
unit molecules which dissolve in a developing liquid are giant
polymer molecules. Therefore, roughness on the order of
several tens of nm (hereinaiter called “nanoedge roughness”
upon occasion) arises at the pattern edges at the time of
resolving. As patterns have become more and more {ine in
recent years, the occurrence ol nanoedge roughness has
become a great problem.

Thus, 1n order to suppress the occurrence of nanoedge
roughness, research on resist compositions which use mono-
mer molecules instead of polymers which are giant molecules
has advanced. Such a resist composition 1s called a molecular
resist, and research on these molecular resists has started in
recent years. For example, resist compositions using water-
soluble molecules of a calixarene or polyphenyl skeletons, or
the like are used as the molecular resist.

However, these molecular resists are a special molecular
configuration and are expensive (one gram costs from several
thousand yen to several ten-thousand yen), and as compared
with polymers, the crystallinity thereof 1s high, and therefore,
the film forming ability thereot 1s poor. When they are used as
a coating liquid, only organic solvents can be used as the
solvent, an exclusive-use developing liquid 1s needed for
development, and an exclusive-use removing liquid 1s needed
in the removing of the resist film. Therefore, the problems
arise¢ that the costs and the burden on the environment
increase.

As aresult of studies, the present inventors have found that
the aforementioned various problems can be improved by
using tannins and derivatives thereof as molecular resists.

As examples of using tannins, there 1s known, for example,
adding and using crosslinking agents or polymerization ini-

10

15

20

25

30

35

40

45

50

55

60

65

2

tiators as examples of organic matter (see Japanese Patent
Application Laid-Open (JP-A) Nos. 2002-473775 and 2002-
53699). In this case, 1norganic fibers are kneaded-in and
layered, and the tannins are used 1n order to fabricate a so-
called prepreg for a printed wiring board and not used as a
resist to be used for patterning. Further, although the afore-
mentioned JP-A Nos. 2002-47375 and 2002-53699 mention
lignin (a component of wood), there 1s no disclosure whatso-
ever of how to use tannins.

Further, 1t has been known that tannins can be used as

components of photosensitive compositions (refer to Japa-
nese Patent (JP-B) No. 3275367 and JP-A Nos. 7-128843,

7-1288353, 7-209838, and 10-3165). However, 1n these cases,
the tannins are structural units of polymers, and the tannins
are used aiter being copolymerized and made into polymers.
Therefore, there 1s the problem that they cannot aim to reduce
nanoedge roughness, reduce costs, and reduce the burden on
the environment.

Accordingly, the current situation 1s that there has not yet
been provided a resist composition which can easily and
eificiently and at a low cost form a fine, highly-detailed resist
pattern at which nanoedge roughness can be suppressed, nor
related techniques utilizing such a resist composition.

An object of the present invention 1s to provide a resist
composition which can easily and efliciently and at low cost
form a fine, highly-detailed resist pattern at which the occur-
rence of nanoedge roughness can be suppressed, and further,
whose burden on the environment 1s small; and a method of
forming a resist pattern which, by using the resist composi-
tion, can easily and efficiently and at a low cost form a {ine,
highly-detailed resist pattern without nanoedge roughness
which can cause problems; and a method of manufacturing a
semiconductor device which, by using the resist composition,
can form a {fine, highly-detailed resist pattern without
nanoedge roughness which can cause problems, the method
enabling efficient mass production of a high-performance
semiconductor device having a fine wiring pattern formed by
using the resist pattern; and a high-performance semiconduc-
tor device having a fine wiring pattern and manufactured by
the method of manufacturing a semiconductor device.

As the result of diligent studies, the present inventors have
obtained the following findings. Namely, the present mven-
tors have found that, when using a molecular resist, and in
particular, at least one of a tannin and derivatives thereof, as a
resist composition for forming a resist pattern, tannins and
derivatives thereof can be obtained inexpensively (100 grams
for about 2000 yen), and the film forming ability thereof 1s
good despite the fact that they are low molecules, and they
suppress the occurrence of nanoedge roughness such that a
fine resist pattern can be obtained. Further, the present inven-
tors have found that, because tannins are water soluble, water
can be used as a coating solvent and a developing liquid, an
alkali aqueous solution can be used at the time of resist
removing, costs and the burden on the environment can be
reduced, and 1n particular, when the tannin 1s a natural prod-
uct, the burden on the environment can be reduced even more,
and the present inventors thereby completed the present
invention.

SUMMARY OF THE INVENTION

The resist composition according to the present imvention
exhibits operational effects as a so-called “molecular resist”,
and contains at least one of a tannin and a derivative thereof.
The resist composition 1s a molecular resist in which the
tanmin and the dervative thereof are monomer molecules. In
the resist composition, the occurrence of nanoedge roughness
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(roughness on the order of several tens of nm which arises at
the pattern edges at the time of resolving), which arises 1n a
case 1n which giant polymer molecules are used, 1s sup-
pressed. Namely, when a resist layer 102 1s formed on a
wiring layer 100 by using the resist composition of the present
invention, as shown i FIG. 10A, the resist layer 102 1s struc-
tured by a plurality of minute tannin molecules 104. There-
fore, 1n a resist pattern 106 which i1s formed after exposure and
development, as shown in FIG. 10B, the differences 1n the
pattern dimensions are small, and the occurrence of nanoedge
roughness 1s suppressed. On the other hand, when a resist
layer 110 1s formed on the wiring layer 100 by using a con-
ventional resist composition, as shown in FIG. 11 A, the resist
layer 110 1s structured by a plurality of giant polymer mol-
ecules 112 whose sizes are different. Therefore, 1n a resist
pattern 114 which 1s formed after exposure and development,
as shown 1n FIG. 11B, the differences in the pattern dimen-
sions are large, and great nanoedge roughness occurs. The
occurrence ol nanoedge roughness varies 1 accordance with
whether or not the giant polymer molecules 112 are removed
at a pattern edge at the time of developing, and differences 1n
pattern dimensions appear markedly due to these variations.

Further, although each of the tannin and the derivative
thereot 1s low-molecular substance, the film forming ability
thereol 1s good. Therefore, they can be suitably used in the
formation of fine and highly-detailed resist patterns. More-
over, because each of the tannin and derivative thereof 1s
water soluble, water can be used as the coating solvent and the
developing liquid, and costs and the burden on the environ-
ment are reduced. In particular, 1n a case 1n which the tannin
1s a natural product, the burden on the environment 1s reduced
even more.

The method of forming a resist pattern according to the
present mnvention comprises: forming a resist {ilm on a surface
ol an object to be processed, by using a resist composition;
and exposing and developing the resist film, wherein the resist
composition contains at least one of a tannin and a dervative
thereof. In this method of forming a resist pattern, after a
resist film 1s formed, by using the resist composition accord-
ing to the present invention, on the surface of an object to be
processed, the resist film 1s exposed and developed. As a
result, a resist pattern can be formed simply, efficiently, and at
a low cost. Because the resist pattern 1s formed by using the
resist composition according to the present invention which
contains at least one of a tannin and a derivative thereof, the
resist pattern 1s fine and highly-detailed, and does not have
nanoedge roughness which can cause problems.

The method of manufacturing a semiconductor device
according to the present invention comprises: forming a resist
f1lm on a surface of an object to be processed, by using a resist
composition; exposing and developing the resist film to form
a resist pattern; and patterning the surface of the object by
performing an etching through the resist pattern as a mask,
wherein the resist composition contains at least one of a
tannin and a derivative thereof.

In this method of manufacturing a semiconductor device,
first, the resist film 1s formed by using the resist composition
according to the present invention on the surface of an object
on which a pattern such as a wiring pattern 1s formed there-
aiter, and then the resist film 1s exposed and developed. Thus,
a fine and highly-detailed resist pattern can be formed without
nanoedge roughness which can cause problems. Next, by
performing an etching using the resist pattern thus formed as
a mask, the surface of the object 1s patterned finely and 1n
great detail and with good dimensional accuracy. Therefore, 1t
1s possible to efficiently manufacture a high-quality, high-
performance semiconductor device, which has a pattern such
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4

as a wiring pattern or the like which 1s extremely fine and 1s
highly detailed and has excellent dimensional accuracy.

The semiconductor device according to the present inven-
tion 1s manufactured by the method of manufacturing a semi-
conductor device according to the present mvention. This
semiconductor device has a pattern such as a wiring pattern or
the like which 1s extremely fine and 1s highly detailed and has
excellent dimensional accuracy, and the semiconductor
device 1s high-quality and high-performance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph showing an exposure curve at the time of
exposing a resist composition of Example 1 by light of a
wavelength of 248 nm.

FIG. 2 1s a graph showing a sensitivity curve at the time of
irradiating a resist composition of Example 1 with an electron
beam.

FIG. 3 1s a graph showing sensitivity curves of resist com-
positions at the time when a urea derivative and a pyrogallol
derivative are used as a crosslinking agent.

FIG. 4 1s a graph showing a sensitivity curve of a resist
composition at a time when a melamine derivative 1s used as
a crosslinking agent.

FIG. 5 1s a graph showing a sensitivity curve of a resist
composition of which polarity 1s changed by using 1-adaman-
tanol.

FIG. 6 1s a graph showing a sensitivity curve of a resist
composition of Example 4.

FIG. 7 1s a graph showing a sensitivity curve of a resist
composition containing a tannin 1 which hydroxyl groups
are blocked by protective groups.

FIGS. 8 A through 8F are sectional views for describing an
example of a method of manufacturing a semiconductor
device (a MOS transistor) of the present invention including
formation of a resist pattern by using a resist composition of
the present invention.

FIGS. 9A through 91 are sectional views for describing an
example of a method of manufacturing a semiconductor
device (a thin-film magnetic head) of the present mvention
including formation of a resist pattern by using a resist coms-
position of the present invention.

FIG. 10A 1s a sectional view schematically showing aresist
layer formed by using a resist composition of the present
invention.

FIG. 10B 1s a sectional view schematically showing a resist
pattern 1n which nanoedge roughness 1s small and which 1s
formed by using the resist composition of the present mven-
tion.

FIG. 11A 1s a sectional view schematically showing aresist
layer which 1s formed by using a conventional resist compo-
sition.

FIG. 1B 1s a sectional view schematically showing a resist
pattern in which nanoedge roughness 1s great and which 1s
formed by using the conventional resist composition.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(Resist Composition)

The resist composition according to the present imvention
contains at least of a tannin and a derivative thereof, and may
contain a crosslinking agent, alcohols, pinacols, an acid gen-
erator, a solvent, and other components, which are appropri-
ately selected as needed.
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—Tannins and Derivatives Thereot—

Tannin 1s a generic term for substances which are extracted
from plants and can tan the skin of an animal. Generally, a
large amount of tannin exists in particular in the portion
where a plant 1s stuck 1nto an animal or the like, and the tannin
can be extracted from this portion.

Tannins usually cost about 2000 yen per 100 grams, and
can be obtained 1inexpensively. The mass average molecular
mass thereof 1s around 500 to 20,000, and the film forming
ability thereof 1s good even though they are low molecular
mass.

There are hydrolyzable tannins and condensed tannins.
Usually, the molecular structures thereof are complex and are
not a single component.

The hydrolyzable tannin 1s not particularly limited, and can
be appropriately selected 1 accordance with the object. An
example 1s a structure forming an ester bond with an aromatic
compound, such as gallic acid or ellagic acid or the like.
Specific suitable examples include Chinese tannin expressed
by following structural formula (1), Turkish tanmin expressed
by following structural formula (4).

Structural formula (1)

where G 1n the structural formula (1) represents either of
gallic acid expressed by following structural formula (2) or a
dimer of gallic acid expressed by following structural formula
(3). Note that, a plurality of molecules, in which the numbers
of the gallic acid are different, exist in the tannin, and gener-
ally, what 1s called “tannin” usually means the Chinese tan-

1111.

Structural formula (2)
OH

HO_ ‘)\ _on
\K
O\ﬂ/ N

O
OH
/_/
HO 0
~NF ™ OH
\_/
X OH
O
OH
1O AN
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-continued
Structural formula (3)
OH
HO OH
/
O O
OH

Structural formula (4)

where G 1n the structural formula (4) represents either of
gallic acid expressed by the structural formula (2) or a dimer
of gallic acid expressed by the structural formula (3).

In addition, hydrolyzable tanmins include ellagitannins.
However, only the bonding proportion (ratio) of the gallic
acid and the structure of the monosaccharide ring portion at
the bond region of the gallic acid are slightly different, and
therefore, there 1s no great difference, 1 terms of structure,
from Chinese tannin and Turkish tannin.

The condensed tannin 1s not particularly limited, and can
be appropriately selected in accordance with the object. An
example 1s a structure 1n which a compound having a flavanol
skeleton 1s polymerized. Specific suitable examples include
wattle tannin expressed by following structural formula (5),
quebracho tannin expressed by following structural following
formula (6), and the like. In addition, gambier tanmin, cutch
tannin, flavatannins, and the like can also be used.

Structural formula (5)
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-continued

COOH

The dervatives of the tannins are not particularly limited,
and can be approprately selected 1n accordance with the
object. Examples are structures in which at least one, prefer-
ably three or less, of the hydrogen atoms within the tannin
molecule are substituted by a substituent having 200 or less of
mass average molecular mass. The substituent 1s not particu-
larly limited, and can be appropnately selected 1n accordance
with the object. Examples include alkyl group, alkoxyalkyl
group, and aryl group.

It 1s preferable that at least some of the hydroxyl groups in
the tannin and/or the derivative thereof are substituted by
protective groups. Tannin and derivative thereol have many
hydroxyl groups and exhibit good water solubility. By block-
ing the hydroxyl groups by protective groups, the water solu-
bility can be controlled, and the exposure sensitivity, the
resolution, and the like can be made even more suitable.

The protective group 1s not particularly limited, and can be
appropriately selected 1n accordance with the object. For
example, alkyl group, phenyl group, and the like are suitable
examples from the standpoints that the substitution reaction 1s
casy, the ratio of the protective groups 1s easy to control, and
the water solubility can be greatly varied by a small amount of
protective groups.

The content of the tannin and/or the derivative thereof 1s
not particularly limited, and can be appropriately selected in
accordance with the object. However, 1n a resist composition
used 1n the formation of a resist film, 1t 1s preferable that the
mass ratio thereot be the largest among the mass ratios of the
other components of the resist (the components other than the
tannin and derivative thereof, such as a crosslinking agent, an
acid generator, and the like which will be described later).
Due to the reactivity of the tannin and the derivative thereof,
the tannin, the derivative thereof and an existing polymer for
a resist can be used as a composition. In this case as well, the
costs and burden on the environment can be reduced, but from
the standpoint of suppressing the occurrence of nanoedge
roughness, it 1s preferable to not use the polymer for a resist,
and to use the tannin and/or derivative thereof as the main
component.

The resist composition preferably hardly includes any
polymers, and specifically, 1t 1s preferable that the content of
polymers 1s 1/100 or less 1n a mass ratio with respect to the
solid content of the resist composition. In this case, the occur-
rence of nanoedge roughness can be suppressed eflectively.

Note that, for the purpose of improving the coatability of
the resist composition, there are cases 1n which, for example,
a small amount of a surfactant or the like 1s added, and cases
in which the surfactant corresponds to the polymer. However,
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Structural formula (6)

in these cases as well, the added amount thereof does not
exceed 1/100 1n a mass ratio with respect to the solid content
of the resist composition.

The polymer 1s a high molecular mass condensate or poly-
mer having a simple repeating structure occurring due to a
low molecule compound repeating the same reaction or a
similar reaction. Tannins having a mass average molecular
mass of 500 to 20,000 have a complex structure 1n which the
gallic acid bonds non-uniformly to the monosaccharide ring
skeleton and do not have a simple repeating structure, and
therefore, are not contained 1n the polymer.

—Crosslinking Agent—

By using the crosslinking agent together with the tannin
and/or derivative thereot, the tannin and/or the derivative
thereol can become higher molecular mass by crosslinking
reaction and can relate. Therefore, the resist composition of
the present invention can be made to be water isoluble, and
can be used as a negative resist.

The crosslinking agent 1s not particularly limited, and can
be appropriately selected 1n accordance with the object. Suit-
able examples include melamine derivatives, urea deriva-
tives, uryl derivatives, pyrogallol derivatives, and the like.

Specific suitable examples of the melamine derivatives
include structures expressed by following structural formula
(7), specific suitable examples of the urea derivatives include
structures expressed by following structural formula (8), spe-
cific suitable examples of the uryl derivatives include struc-
tures expressed by following structural formula (9), and spe-
cific suitable examples of the pyrogallol dertvatives include
structures expressed by following structural formula (10).

Structural formula (7)

—o— —o—

o/ KT A
N

pu—

Structural formula (8)

HOCH, —+NH—CO— NH—CH,+— NH—CO— NH—CH,0H
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-continued

Structural formula (9)

Structural formula (10)

OH
/]\ _OH
\

-

Further, an alcohol having two or more hydroxyl groups
can be used as the crosslinking agent.

The alcohol 1s not particularly limited, and can be appro-
priately selected in accordance with the object. Examples
include 1,4di(hydroxymethyl)benzene, 2,6-bis(hydroxym-
cthyl)-p-cresol, and the like.

The content of the crosslinking agent 1s not particularly
limited, and can be appropriately selected 1n accordance with
the object. Per 100 parts by mass of the tannin and/or the
derivative thereotf, 5 parts by mass to 50 parts by mass 1s
preferable, and 20 parts by mass to 40 parts by mass 1s more
preferable.

If the content 1s lower than 5 parts by mass, the reactivity
may be poor, the exposure sensitivity may be poor, and the
f1lm reduction may be marked. If the content exceeds 50 parts
by mass, the film forming ability may be poor.

—Alcohols and Pinacols—
Instead of adding the crosslinking agent and gelling the

tannin and/or dervative thereof, by adding alcohols or pina-
cols or the like and changing the polarity of the tannin and/or
derivative thereof, the resist composition of the present inven-
tion can be made to function as a negative resist.

Due to a dehydration-condensation-reaction of the alcohol
with the hydroxyl groups 1n the tannin or derivative thereof as
shown by the following reaction formula (a reaction formula
of dehydration condensation using 1-adamantanol), the
polarity of the tannin or the derivative thereof can be varied
from large (water soluble) to small (water insoluble) and can
be made to be negative.

The alcohols are not particularly limited, and can be appro-
priately selected in accordance with the object. Suitable
examples include 1-adamantanol, 2-adamantanol, 2-methyl-
2-adamantanol, benzyl alcohol, and the like.
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-continued

y
~

\

Due to the pinacols themselves carrying out pinacol trans-
location as shown by the following reaction formula, the
polarity of the tannin and/or the derivative thereol can be
varied from large (water soluble) to small (water insoluble)
and can be made to be negative.

The pinacols are not particularly limited, and can be appro-
priately selected in accordance with the object. Suitable
examples mnclude pinacol, benzopinacol, and the like.

<_/ \_/ e
X
‘ s
Y

The content of the alcohols and the pinacols are not par-
ticularly limited, and can be appropriately selected 1n accor-
dance with the object. Per 100 parts by mass of the tannin and
the dervative thereot, 5 parts by mass to 50 parts by mass 1s
preferable, and 20 parts by mass to 40 parts by mass 1s more
preferable.

I1 the content 1s lower than 5 parts by mass, the reactivity 1s
poor, the exposure sensitivity may be poor, and the film reduc-
tion may be marked. If the content exceeds S0 parts by mass,
the film forming ability may be poor.

—Acid Generator—
By adding the acid generator, the reaction due to the expo-

sure can be started effectively.
The acid generator 1s not particularly limited, and can be

approprately selected in accordance with the object. Suitable
examples include the halogenated organic matters expressed
by following structural formulas (11) through (18), the sul-
fonate esters expressed by following structural formulas (19)
through (33), the various onium salts expressed by following
structural formulas (34) through (37), and the like. Among
these, ontum salts are particularly preferable in terms of hav-
ing excellent exposure sensitivity and resolution.
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Structural formula (11)

Structural formula (12)

Structural formula (13)

Structural formula (14)

Structural formula (15)

Structural formula (16)

Structural formula (17)

Structural formula (18)
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0SO,CHj,

CH—0S0,

Structural formula (19)

Structural formula (20)

3 QGSOZCHg

0S0,CH;

20

55 <:>>7C—CH20802
|
NO,
30
O CH208024<©>7 CH,

Structural formula (21)

Structural formula (22)

Structural formula (23)

OCH;

NO,
35
40
CH;0 O C
720
45 O

Structural formula (24)

NO,

55

Oy

@

Structural formula (25)

SCH;

C— CH,0S0, 4<O>— CH;

OH

Structural formula (26)

65 N204©7CH208024©7CH3
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Structural formula (27)

O
O
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0O

O

Structural formula (28)

Structural formula (29)

O
O
Structural formula (30)
O
AL
DO
~ ¢
O
Structural formula (31)
O
i
N—/O —‘S —Cl;
O
O
Structural formula (32)
O
A
@ N—O Sl Cl;
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O
Structural formula (33)
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Structural formula (34)
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-continued

Structural formula (35)

)

-

+ X-

p—

-

Structural formula (36)

./

F

ST X

7/ \

Structural formula (37)

/

\

F

/

X

wherein, 1n structural formulas (34) through (37), X repre-
sents any one of CF,S0,;, CF,CF,CF,CF,S0,, SbF,, AsF,
BF, and PF.

The amount of the acid generator used 1s not particularly
limited, and can be appropriately selected in accordance with
the object. Per 100 parts by mass of the tannin and the deriva-
tive thereot, 1 part by mass to 30 parts by mass 1s preferable,
and 3 parts by mass to 20 parts by mass 1s more preferable.

I1 the used amount 1s lower than 1 part by mass, there are
cases 1n which the reactivity 1s poor and the exposure sensi-
tivity 1s poor. If the used amount exceeds 30 parts by mass,
there are cases 1 which the film forming ability 1s poor, the
contrast 1s poor, and the resolution 1s poor.
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—Solvent—

It 1s preferable that the at least one of a tannin and a
derivative thereof 1s dissolved in the solvent. In this case, the
resist composition can be used as a coating liquid.

The solvent 1s not particularly limited, and can be appro-
priately selected 1n accordance with the object. Examples
include ethyl lactate, propyleneglycol monomethylether
acetate, water, and the like which are generally used as coat-
ing solvents. Among these, water 1s preferable from the stand-
point that costs and the burden on the environment can be
reduced.

It 1s preferable that the water 1s neutral, and the pH of the
water 1s preferably, for example, 4 to 10. If the pH 1s less than
4, the solution overall tends toward acidic, and theretore, the
reaction of the resist composition may proceed even without
exposure and the storage stability of the resist composition 1s
adversely affected. If the pH exceeds 10, the reactivity may be
poor and the exposure sensitivity may be poor.

—Other Components—

The other components are not particularly limited provided
that they do not impair the effects of the present invention, and
can be appropriately selected 1n accordance with the object,
and various types of known additives are examples thereof.
For example, when the purpose 1s improving the solubility
and the coatability of the resist composition, 1sopropyl alco-
hol, surfactants, or the like can be added.

The surfactant 1s not particularly limited, and can be appro-
priately selected 1n accordance with the object. Examples
include non-ionic surfactants, cationic surfactants, anionic
surfactants, amphoteric surfactants, and the like. These may
be used alone or in combination ol two or more. Among these,
non-ionic surfactants are preferable with regard to the point
that they do not contain metal 1ons.

Suitable examples of the non-1onic surfactants include sur-
factants selected from alkoxylate surfactants, fatty acid ester
surfactants, amide surfactants, alcohol surfactants, and ethyl-
ene diamine surfactants. Specific examples thereof include
polyoxyethylene-polyoxypropylene condensate compounds,
polyoxyalkylene alkylether compounds, polyoxyethylene
alkylether compounds, polyoxyethylene derivative com-
pounds, sorbitan fatty acid ester compounds, glycerin fatty
acid ester compounds, primary alcohol ethoxylate com-
pounds, phenolethoxylate compounds, nonylphenolethoxy-
lates, octylphenolethoxylates, lauryl alcohol ethoxylates,
oleyl alcohol ethoxylates, fatty acid esters, amides, natural
alcohols, ethylenediamines, secondary alcohol ethoxylates,

and the like.

The cationic surfactant 1s not particularly limited, and can
be appropriately selected 1in accordance with the object.
Examples include alkyl cationic surfactants, amide quater-
nary cationic surfactants, ester quaternary cationic surfac-
tants, and the like.

The amphoteric surfactant 1s not particularly limited, and
can be appropriately selected 1n accordance with the object.

Examples include amine oxide surfactants, betaine surfac-
tants, and the like.

The content of the surfactant in the resist composition can
be appropniately determined in accordance with the type, the
content, and the like of a silicon-containing polymer having at

least the alkali-soluble group, the organic solvent, and the
like.

When a resist pattern 1s formed by using the resist compo-
sition of the present invention, 1t i1s preferable that the
obtained resist pattern (the resist film) has excellent etching
resistance.
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The etching rate 1s not particularly limited, and can be
appropriately selected in accordance with the object, and
varies 1 accordance with the type of gas, the pressure, the
voltage, and the like. For example, 1n a case in which a mixed
gas 1n which the ratio of carbon tetrafluoride to oxygen 1s 96:4
1s used as the etching gas under the conditions of the electrode
voltage being 50 W/cm? and the pressure being 0.03 Torr, the
ctching rate 1s preferably 125% or less with respect to the
etching rate of a novolak resist which 1s generally used, and,
with regard to the point of being able to suiliciently withstand
actual use, 1s more preferably 110% or less.

Note that the etching rate can be measured by, for example,
carrying out etching processing for a predetermined time by
using a known etching device, and measuring the film reduc-
tion amount of the sample, and calculating the film reduction
amount per unit time.

Because the resist composition according to the present
invention includes a molecular resist of a tannin and/or a
derivative thereol, it can easily and efficiently form a fine,
highly-detailed resist pattern in which the occurrence of
nanoedge roughness can be suppressed.

Further, the resist composition according to the present
invention 1s suited to etching applications, and the method of
forming a resist pattern according to the present invention can
be particularly suitably used in the method of manufacturing
a semiconductor device according to the present invention or

the like.

(Method of Forming Resist Pattern)

The method of forming a resist pattern according to the
present mvention comprises: forming a resist film on a surface
of an object to be processed, by using the above-mentioned
resist composition according to the present invention; and
exposing and developing the resist film, and may further
comprise other processes which are appropriately selected as
needed.

<Resist Film Forming Process>

The resist film forming process 1s a process of forming a
resist film on a surface of an object to be processed, by using
the resist composition according to the present invention.

The resist film can be formed by a known method, e.g.,
coating or the like. The method of coating 1s not particularly
limited, and can be appropnately selected from among known
coating methods in accordance with the object. Suitable
example 1s spin coating. In the case of spin coating, the
conditions are, for example, a rotation speed of about 100 rpm
to 10,000 rpm and 800 rpm to 5,000 rpm 1s preferable, and a
coating time of about 1 second to 10 minutes and 1 second to
90 seconds 1s preferable.

The thickness at the time of coating 1s not particularly
limited and can be appropriately selected 1in accordance with
the object.

At the time of coating or thereatter, 1t 1s preferable to bake
(raise the temperature and dry) the coated resist composition.
The conditions, method, and the like thereot are not particu-
larly limited provided that they do not soiten the resist film,
and can be appropnately selected 1n accordance with the
object. For example, as the temperature thereof, about 40° C.
to 150° C. 1s preferable and 80° C. to 120° C. 1s more prefer-
able, and as the time thereof, about 10 seconds to 5 minutes 1s
preferable and 30 seconds to 90 seconds 1s more preferable.

The surface to be processed (base material) 1s not particu-
larly limited, and can be appropnately selected 1n accordance
with the object. In a case 1n which the resist film 1s formed at
an electronic device such as a semiconductor device or the
like, the surface of the semiconductor base material 1s an
example of the surface-to-be-processed (base material), and
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specifically, suitable examples thereof are the substrate such
as a silicon water or the like, various types of oxide films, and

the like.

<Exposure Process>

The exposure process 1s a process ol exposing the resist
film by exposure light.

The exposure can be carried out suitably by a known expos-
ing device, and can be carried out. By carrying out the irra-
diation of exposure light on some regions of the resist film,
those some regions are hardened, and 1n a developing process
which will be described hereinatter, the unhardened regions
which are other than the some hardened regions are removed,
thereby a resist pattern 1s formed.

<Developing Process>

The developing process 1s a process of, after exposing the
resist film by exposure light and hardening the exposed
regions of the resist film 1n the above exposing process, devel-
oping the resist film by removing the unhardened regions,
thereby a resist pattern 1s formed.

The method of removing the unhardened regions 1s not
particularly limited and can be appropriately selected in

accordance with the object. Examples include a method of
removing by using a developing liquid, and the like.

The developing liquid 1s not particularly limited, and can
be appropriately selected in accordance with the object. How-
ever, 1t 1s preferable that the developing liquid contain at least
water, from the standpoint of being able to dissolve and
remove the resist film which 1s formed by the resist compo-
sition of the present invention which includes the tannin and/
or derivative thereof which are water soluble. By using water,
the burden on the environment can be reduced, and because
the majority of the waste developing liquid after developing 1s
formed from water and the tannin or the like which 1s anatural
product, the processing costs can be reduced.

By carrying out the developing, the portions of the resist
film, which was not irradiated by the exposure light, are
dissolved and removed, and the resist pattern 1s formed (de-
veloped).

According to the method of forming a resist pattern accord-
ing of the present invention, it 1s possible to easily and effi-
ciently form a fine, highly-detailed resist pattern 1n which the
occurrence of nanoedge roughness 1s suppressed. Therelore,
the method of forming a resist pattern of the present invention
can be suitably applied to the manufacturing of, for example,
functional parts such as mask patterns, reticle patterns, mag-
netic heads, LCDs (liquid crystal displays), PDPs (plasma
display panels), SAW f{ilters (surface-acoustic-wave filters),
and the like, and optical parts used 1n the connecting of optical
wires, and fine parts such as microactuators and the like, and
semiconductor devices. The method of forming a resist pat-
tern ol the present mvention can be suitably used in the
method of manufacturing a semiconductor of the present
ivention.

(Semiconductor Device and Method of Manufacture
Thereot)

The semiconductor device according to the present inven-
tion 1s obtained by the method of manufacturing a semicon-
ductor device according to the present invention.

The method of manufacturing a semiconductor device
according to the present invention comprises: forming a resist
pattern process and a patterning process, and further com-
prises other processes which are appropniately selected as
needed.
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<Resist Pattern Forming Process>

The resist pattern forming process 1s a process ol forming,
a resist pattern by forming a resist film on a surface of an
object to be processed, by using the resist composition
according to the present mvention, and exposing and devel-
oping the resist film. A resist pattern 1s formed on the surface
ol an object to be processed by this resist pattern forming
pProcess.

Details of the resist pattern forming process are the same as
the method of forming the resist pattern of the present inven-
tion.

Note that examples of the surface of an object to be pro-
cessed include the surface layers of the various members 1n a
semiconductor device, and suitable examples are the sub-
strate, such as a silicon watfer or the like, and the surfaces
thereof, and various types of oxide films, and the like. The
method of exposure 1s as described previously. The resist
pattern 1s as described previously.

<Patterning Process>

The patterning process 1s a process of patterning the sur-
face of the object by performing an etching, by using the resist
pattern as a mask or mask pattern.

The method of etching 1s not particularly limited, and can
be appropriately selected from among known methods in
accordance with the object. Dry etching and the like are
suitable examples. The conditions of the etching are not par-
ticularly limited, and can be appropriately selected in accor-
dance with the object.

<Other Processes>

The other processes are not particularly limited, and can be
appropriately selected i accordance with the object.

Examples include a resist pattern removing process and the
like.

The resist pattern removing process 1s a process of remov-
ing the resist pattern after the above-described patterning
process, and can be carried out, for example, by using a
removing liquid.

The removing liquid 1s not particularly limited, and can be
appropriately selected from among known removing liquids,
and alkali aqueous solutions and the like are suitable
examples. When an alkali aqueous solution 1s used, as com-
pared with a general removing liquid using an organic amine
or an organic solvent or the like, not only can the costs and the
burden on the environment be reduced, but also, the resist
pattern can be easily removed. In particular, 1n a case 1n which
the tannin 1s a hydrolyzable tannin, because the ester bond
portions within the tannin are rapidly hydrolyzed by the
alkali, there 1s the advantage that the resist pattern can be
removed even more easily.

The alkal1 aqueous solution 1s not particularly limited, and
can be appropriately selected in accordance with the object.
An alkal1 developing liquid such as a tetramethylammonium
hydroxide solution or the like can be used as 1s. The pH of the
alkal1 aqueous solution 1s preferably 13 or more.

Ifthe pH 1s less than 13, the hydrolysis of the tannin may be
slow, and a long time may be required for removal of the resist
pattern.

In accordance with the method of manufacturing a semi-
conductor device of the present invention, a fine, highly-
detailed resist pattern, in which the occurrence of nanoedge
roughness 1s suppressed, can be formed easily and efficiently,
and 1t 1s possible to efliciently mass produce a high-perfor-
mance semiconductor device, e.g., a tlash memory, a DRAM,
an FRAM or the like, which has a fine wiring pattern formed
by using the resist pattern.
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According to the present invention, 1t 1s possible to provide
a resist composition which can easily and efficiently and at
low cost form a fine resist pattern at which the occurrence of
nanoedge roughness can be suppressed, and turther, whose
burden on the environment 1s small; and a method of forming,
a resist pattern which, by using the resist composition, can
casily and efficiently and at a low cost form a fine resist
pattern without nanoedge roughness which can cause prob-
lems; and a method of manufacturing a semiconductor device
which, by using the resist composition, can form a fine resist
pattern without nanoedge roughness which can cause prob-
lems, and which enables elficient mass production of a high-
performance semiconductor device having fine wiring pat-
tern formed by using the resist pattern; and a high-
performance semiconductor device having a fine wiring
pattern and manufactured by the method of manufacturing a
semiconductor device.

The resist composition according to the present invention
can easily and efliciently and at low cost form a fine resist
pattern at which the occurrence of nanoedge roughness can be
suppressed, and further, the burden of the resist composition
on the environment 1s small. Therefore, the resist composition
can be suitably applied to various types of patterning meth-
ods, methods of manufacturing a semiconductor device, and

the like. The resist composition according to the present
invention can be particularly suitably used in the method of
forming a resist pattern according to the present invention and
the method of manufacturing a semiconductor device accord-
ing to the present invention.

The method of forming a resist pattern of the present inven-
tion can be suitably applied to the manufacturing of, for
example, Tunctional parts such as mask patterns, reticle pat-
terns, magnetic heads, LCDs (liquid crystal displays), PDPs
(plasma display panels), SAW filters (surface-acoustic-wave
filters), and the like, and optical parts used 1n the connecting
of optical wires, and fine parts such as microactuators and the
like, and semiconductor devices, and can suitably be used 1n
the method of manufacturing a semiconductor device accord-
ing to the present invention.

The method of manufacturing a semiconductor device
according to the present invention can be suitably used in the
manufacturing of various types of semiconductor devices
such as flash memories, DRAMs, FRAMSs, and the like, and
the semiconductor device according to the present invention
in particular.

Hereinafter, Examples of the present invention will be
described, but the present invention 1s not to be limited to
these Examples.

EXAMPL.

T
[

—Preparation of Resist Composition—

A resist composition (coating liquid) was prepared on the
basis of the following composition.

Chinese tannin (hydrolyzable tannin, 100 parts by mass
manufactured by Kanto Chemical Co., Inc.)

Uryl dervative expressed by following structural
formula (9) (the crosslinking agent, manufactured
by Sanwa Chemical Co., Ltd.)
Triphenylsulfonium perfluorobutane sulfonate

(acid generator, manufactured by Midori Kagaku
Co., Ltd.)

20 parts by mass

3 parts by mass
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-continued

Ethyl lactate (solvent, manufactured by Kanto 1,000 parts by mass

Chemical Co., Inc.)

Structural formula (9)
H3COH,C q

H;COH,C CH,OCH;

When the obtained resist composition was dissolved nto
THF (tetrahydrotfuran) as a solvent and analyzed by gel per-
meation chromatography, no high molecular mass compo-
nent corresponding to the polymer was detected.

—Experiment Evaluating Characteristics of Resist Compo-
s1tion—

The obtamned resist composition (coating liquid) was
coated to a thickness of 0.3 um on a silicon water and preb-
aking was carried out for one minute at 110° C., and this was
used as an exposure sample. The exposure sample was 1rra-
diated by exposure light of a wavelength of 248 nm so as to
carry out exposure, and baking was carried out for one minute
at 110° C. Thereafter, developing was carried out over 20
seconds by using water having a pH of 7. The sensitivity curve
of the exposure sample at this time 1s shown 1n FIG. 1. The
sensitivity curve of the exposure sample 1n a case of using an
clectron beam as the exposure light 1s shown 1n FIG. 2.

From FIG. 1 and FIG. 2, 1t can be understood that the resist
composition according to the present invention behaves as a
negative resist.

Next, when the exposure sample which was developed was
mmmersed m a 2.38% by mass tetramethylammonium
hydroxide solution (manufactured by Zeon Corporation,
pH=14), 1t was found that the remaining film portions (the
exposed portions) at the exposure sample disappeared within
2 seconds, and these remaining film portions could be
removed by an alkali aqueous solution.

EXAMPLE 2

Resist compositions were prepared, and experiments
evaluating the characteristics of the obtained resist composi-
tions were carried out in the same manner as in Example 1,
except that the uryl dervative used as the crosslinking agent
in Example 1 was replaced with the urea derivative expressed
by following structural formula (8), the pyrogallol derivative
expressed by following structural formula (38), and the
melamine dernivative expressed by following structural for-
mula (7), respectively.

Structural formula (8)

HOCH,— NH—CO— NH—CH, 4-- NH—CO— NH—CH,0H

Structural formula (38)
CH;

X
F

CH,OH CH>,OH

OH

Note that the pyrogallol dernvative expressed by above
structural formula (38) 1s 2,6-bisdroxymethyl-p-cresol.
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Structural formula (/)

/Y
N/70_

When the obtained resist compositions were dissolved into
THF (tetrahydrofuran) as a solvent, respectively, and ana-
lyzed by gel permeation chromatography, no high molecular
mass component corresponding to the polymer was detected.

The sensitivity curves of the exposure samples prepared by
the same method as 1n Example 1 are shown 1in FIG. 3 for the
urea derivative and the pyrogallol derivative, and 1n FIG. 4 for
the melamine derivative. From FIG. 3 and FIG. 4, 1t can be
understood that the resist compositions of the present mven-
tion using any of the urea dervative, the pyrogallol derivative,
and the melamine derivative also behaved as negative resists.

Then, when the exposure samples which were developed
were 1mmersed 1 2.38% by mass tetramethylammonium
hydroxide solutions (manufactured by Zeon Corporation), 1t
was found that the remaining film portions (the exposed por-
tions) at the exposure samples disappeared within 2 seconds,
and these remaining film portions could be removed by an
alkal1 aqueous solution.

EXAMPLE 3

A resist composition was prepared, and an experiment
evaluating the characteristics of the obtained resist composi-
tion was carried out in the same manner as i Example 1,
except that the uryl dertvative used as the crosslinking agent
in Example 1 was replaced with 1-adamantanol (manufac-
tured by Kanto Chemical Co., Inc.) which imparted a polarity
change.

When the obtained resist composition was dissolved 1n to
THF (tetrahydrotfuran) as a solvent and analyzed by gel per-
meation chromatography, no high molecular mass compo-
nent corresponding to the polymer was detected.

The sensitivity curve of the exposure sample prepared by
the same method as 1n Example 1 1s shown 1n FIG. 5. From
FIG. 5, 1t can be understood that the resist composition of the
present invention using 1-adamantanol behaved as a negative
resist. Note that, with 1-adamantanol, an increase in the
molecular mass due to the crosslinking reaction does not
occur, and therefore, 1t 1s clear that the resist becoming a
negative resist 1s due to the polarity change (the pinacol
translocation).

Then, when the exposure sample which was developed was
immersed m a 2.38% by mass tetramethylammonium
hydroxide solution (manufactured by Zeon Corporation), it
was found that the remaining {ilm portions (the exposed por-
tions) at the exposure sample disappeared within 2 seconds,
and these remaining film portions could be removed by an
alkal1 aqueous solution.

EXAMPLE 4

A resist composition was prepared, and an experiment
evaluating the characteristics of the obtained resist composi-
tion was carried out in the same manner as 1 Example 1,
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except that the 1,000 parts by mass of the ethyl lactate used as
the solvent in Example 1 was replaced with 700 parts by mass
of water and 70 parts by mass of 1sopropyl alcohol. Note that
the 1sopropyl alcohol was added for the purpose of improving
the solubility of the tannin or the like.

It was found that the obtained resist composition had good
coatability, and that water could be suitably used as a solvent.

When the obtained resist composition was dissolved nto
THF (tetrahydrofuran) as a solvent and analyzed by gel per-
meation chromatography, no high molecular mass compo-
nent corresponding to the polymer was detected.

The sensitivity curve of the exposure sample prepared by
the same method as 1n Example 1 1s shown 1n FIG. 6. From
FIG. 6, 1t can be understood that the resist composition of the
present invention behaved as a negative resist.

Then, when the exposure sample which was developed was
mmersed m a 2.38% by mass tetramethylammonium
hydroxide solution (manufactured by Zeon Corporation), 1t
was found that the remaining film portions (the exposed por-
tions) at the exposure sample disappeared within 2 seconds,
and these remaining film portions could be removed by an
alkal1 aqueous solution.

EXAMPLE 5

A resist composition was prepared, and an experiment
evaluating the characteristics of the obtained resist composi-
tion was carried out in the same manner as 1 Example 1,
except that the Chinese tannin in Example 1 was replaced
with a tannin 1n which some of the hydroxyl groups were
substituted (blocked) by protective groups.

—Preparation of Tannin—

5 grams of Turkish tannin (the hydrolyzable tannin, manu-
factured by Inagaki Yakuhin Co., Ltd.) was dissolved 1n 200
ml of THF (tetrahydrofuran), and 0.9 grams of silver (I) oxide
was added thereto, and the mixture was stirred. Over 30
minutes, 1 gram of 1odomethane and 50 ml of THF were
added by drops thereto. The mixture was stirred for 2 hours at
room temperature, and filtering was carried out such that the
mixture was refined. A tannin, 1n which some of the hydroxyl
groups were substituted (blocked) by methyl groups (the
protective groups) was thereby obtained.

—Preparation of Resist Composition—

A resist composition was prepared on the basis of the
following composition.

Tannin 1n which some of the hydroxyl groups were blocked
by methyl groups 100 parts by mass

1,1,2,2-tetraphenyl-1,2-ethanediol (crosslinking agent,
manufactured by Sigma-Aldrich Corporation) 20 parts by
mass

Triphenylsulfonium pertluorobutane sulfonate (acid gen-
erator, manufactured by Midorn Kagaku Co., Ltd.) 3 parts by
mass

Ethyl lactate (solvent, manufactured by Kanto Chemical
Co., Inc.) 1000 parts by mass

The sensitivity curve of the exposure sample prepared by
the same method as 1n Example 1 1s shown in FIG. 6. Further,
for comparison, the sensitivity curve of an exposure sample
prepared by using a tannin 1n which the hydroxyl groups were
not substituted (blocked) by protective groups 1s shown
together 1n FIG. 6.

From FIG. 6, 1t 1s understood that, with the tannin i1n which
the hydroxyl groups were not blocked by protective groups,
recesses and protrusions which were considered to be caused
by film reduction were observed in the high exposure amount
regions, but with the tanmin in which hydroxyl groups were
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blocked by methyl groups, the film reduction was decreased.
This 1s thought to be due to the fact that, due to some of the
hydroxyl groups being blocked by methyl groups, the devel-
oping dissolution rate decreases and film reduction 1s sup-
pressed.

EXAMPL.

L1
o)

— Formation of Resist Patterns—

The resist compositions (coating liquids) obtained in
Examples 1 through 5 were coated to a thickness 01 0.3 um on
silicon waters so that resist films were formed. Next, the resist
films were 1wrradiated by KrF excimer laser light 1n a line-and-
space pattern of 0.3 um. Thereatter, developing was carried
out by using water of a pH of 7, and resist patterns were
formed. The nanoedge roughness of the obtained resist pat-
terns was measured by the following method. Further, the
ctching resistance of the resist films was evaluated by the
tollowing method.

<Measurement of Nanoedge Roughness>

The obtained resist pattern was observed by using a scan-
ning electron microscope (SEM) (“S-4300”, manufactured
by Hitachi Ltd.), and at the observed region, the largest dii-
ference between a recess and a protrusion at the resist pattern
end portion was measured as the nanoedge roughness.

As a result, at the resist patterns formed by using the resist
compositions obtained in Examples 1 through 5, the
nanoedge roughness (difference between recess and projec-
tion) was, 1n each case, 5 nm or less.

Further, in Example 6, because developing was carried out
by using water, the costs and the burden on the environment
could be reduced. Further, because the majority of the waste
developing liquid after development was the tannin and
water, the processing cost could be reduced.

<FEtching Resistance>

[ 1

By using an etching device (a parallel flat plate type RIE
device, manufactured by Fujitsu Ltd. ), the resist films formed
by the resist compositions (coating liquids) obtained in
Examples 1 through 5 were etched for three minutes under the
conditions of an electrode voltage of 50 W/cm? and pressure
010.03 Torr, by using a mixed gas, in which the ratio of carbon
tetrafluoride to oxygen was 96:4, as an etching gas. The film
reduction amount of the resist film was measured, and the
ctching rate was calculated. Further, for comparison, mea-
surement was similarly carried out on an AZ 6100 (AZ Elec-
tronic Materials) which was a novolak resist, and relative
evaluation was carried out by using the etching rate of this

novolak resist as the standard. The results are shown 1n Table
1.

TABLE 1
Film
Reduction Ftching Rate Rate Ratio
Material Amount (nm) (nm/min) (%)
AZ 6100 63 21.7 100
Example 1 0% 22.7 104
Example 2 o7 22.3 103
Example 3 71 23.7 109
Example 4 02 20.7 95
Example 5 62 20.7 95

From the results of Table 1, 1t can be understood that the
resist compositions according to the present invention had
ctching resistances equivalent to that of the novolak resist.
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COMPARATIVE EXAMPLE 1

Resist compositions were prepared in the same manner as
in Example 6, except that the tannin 1n Example 6 was
replaced with polyvinyl phenol and novolak as polymers
respectively, and resist patterns were formed and the
nanoedge roughness was measured. As a result, the nanoedge
roughness (difference between recess and protrusion) at the
resist pattern formed by using the polyvinyl phenol was about
20 nm, and the nanoedge roughness at the resist pattern
formed by using the novolak was about 30 nm.

From Example 6 and Comparative Example 1, 1t can be
understood that, as compared with a resist pattern formed by
using a conventional resist composition containing the poly-
mer, the occurrence of nanoedge roughness was suppressed in
the resist pattern formed by using the resist composition of the
present invention containing the tannin.

EXAMPLE 7

—Manufacturing of MOS Transistor—

A MOS transistor was manufactured as follows. As shown
in FIG. 8A, a gate oxide film 2 was formed on the surface of
a silicon substrate 1, a polysilicon film 3 was formed thereon
by means of CVD, and n-type impurities such as phosphorus
or the like were doped so as to lower the resistance. Thereat-
ter, a WS1 11lm 4 was formed by means of sputtering or CVD.
Next, as shown 1n FIG. 8B, after a resist composition 5 of the
present invention was coated, prebaking was carried out,
exposure was carried out by an electron beam or an excimer
laser, and after exposure, baking and amisotropic etching were
carried out such that the WSi1 film 4 and the polysilicon film 3
were etched, whereby a gate electrode consisting of the poly-
s1licon film 3 and the WS1 film 4 was formed. Next, phospho-
rus was doped by 1on implantation such that N-diffused
zones 6 having an LDD structure was formed. After resist
removing, as shown 1n FIG. 8C, an oxide film 7 was formed
on the entire surface by means of CVD. Then, as shown 1n
FIG. 8D, anisotropic etching was carried out on the oxide film
7, and sidewalls 8 of the gate electrode consisting of the
polysilicon film 3 and the WS1 film 4 were formed. Then, by
using the WS1 film 4 and the sidewall 8 as a mask, N+ diffused
zones 9 were formed by 1on implantation. As shown 1n FIG.
8E, a heat treatment was carried out 1n a nitrogen atmosphere
in order to activate the doped 1ons, and thereafter, heating was
carried out 1n an oxygen atmosphere and the gate electrode
was covered by a thermally-oxidized film 10. Thereaftter, as
shown 1n FIG. 8F, an mterlayer dielectric 11 was formed by
means of CVD, and further, contact holes were formed 1n the
interlayer dielectric 11 and aluminum wiring 12 was formed,
whereby an N-channel fine MOS transistor was completed.

EXAMPLE 8

—Manufacturing of Thin Film Magnetic Head

Example 8 relates to the manufacturing of a thin film mag-
netic head as an applied example of a resist pattern formed by
using the resist composition of the present invention.

As shown in FIG. 9A, a shield film 22 of FeN, a gap
insulating film (silicon oxide film) 24, a magneto-resistance
elfect film 26, and a resist for liftoft (PMGI) film 28 were
layered 1n this order by sputtering on a substrate 20. Then, the
resist composition of the present invention was coated on the
resist for liftoit (PMGI) film 28 so as to form a resist film 30.

Next, as shown in FIG. 9B, the resist film 30 was exposed
by KrF excimer laser light, and developing using water was
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carried out, whereby a fine pattern was formed. Note that, at
this time, the resist for littoff (PMGI) film 28 formed beneath
the resist film 30 also was developed.

Then, as shown 1 FIG. 9C, by using the resist film 30
(resist pattern) as a mask, the magneto-resistance effect film
26 was etched 1n a taper shape by 1on milling.

Subsequently, as shown 1 FIG. 9D, a TiW film 32 was
formed by sputtering on the substrate 20 from above so as to
cover the entire surface. Then, as shown in FIG. 9E, the resist
tor littoll (PMGI) 1ilm 28, the resist film 30, and the T1W film
32 on the resist {ilm 30 were removed by lifting-off.

Next, by using the resist composition of the present inven-
tion, the magneto-resistance effect film 26 and the TiW film
32 were patterned, and thereafter, an MR element 34 and an
electrode 36 were formed as shown in FIG. 9F. Then, as
shown 1n FI1G. 9G, a gap msulating film (si1licon oxide film) 38
was formed on the substrate 20 from above on the entire

surface.
Next, as shown in FIG. 9H, a shield film 40 formed of FeNi,

a gap film 42 formed of Al,O,, an FeN1 film 44, and a resist
film 46 formed of the resist composition according to the
present mnvention, were layered 1n this order on the gap 1nsu-
lating film (silicon oxide film) 38. Then, the resist film 46 was
exposed by KrF excimer laser light, and baking and alkali
developing were carried out, whereby a fine pattern was
formed.

Then, the FeNi film 44 was patterned by using the obtained
fine pattern as a mask, and thereafter, a writing magnetic pole
48 was formed, whereby the thin film magnetic head was
manufactured.

Because the magnetic head obtained here was manufac-
tured by using a resist pattern formed by using the resist
composition according to the present invention 1n which the
occurrence of nanoedge roughness could be suppressed, the
magnetic head was fine and highly detailed.

What is claimed 1s:

1. A resist composition comprising one of a tannin and a
derivative thereot, a crosslinking agent and a polymer at an
amount that does not exceed 1/100 1n a mass ratio with respect
to the solid content of the resist composition, wherein the
polymer has a simple repeating unit from a low molecule
compound.

2. The resist composition according to claim 1, wherein a
mass ratio of the content of the one of the tannin and the
derivative thereof in the resist composition at the time of resist
film formation 1s greatest among other components of the
resist composition.

3. The resist composition according to claim 1, wherein at
least some of hydroxyl groups in the one of the tanmin and the
derivative thereotf are substituted by protective groups.

4. The resist composition according to claim 3, wherein the
protective group 1s at least one selected from the group con-
s1sting of alkyl group and phenyl group.

5. The resist composition according to claim 1, wherein the
crosslinking agent 1s at least one selected from the group
consisting of melamine derivatives, urea derivatives, uryl
derivatives, and pyrogallol derivatives.

6. The resist composition according to claim 1, further
comprising one selected from the group consisting of alco-
hols and pinacols.

7. The resist composition according to claim 1, wherein the
one of the tannin and the derivative thereot 1s dissolved 1n a
solvent, and the solvent contains water.
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8. The resist composition according to claim 7, wherein the
pH of the water 1s 4 to 10.

9. The resist composition according to claim 1, wherein the
resist composition 1s a resist composition for etching.

10. The resist composition according to claim 1, wherein
an etching rate of a resist film formed by using the resist
composition 1s 125% or less of an etching rate of a novolak
resist film, when carrying out etching under conditions of an
electrode voltage of 50 W/cm? and a pressure of 0.03 Torr by
using, as an etching gas, amixed gas 1n which aratio of carbon
tetratluoride to oxygen 1s 96:4.

11. A method of forming a resist pattern comprising:

forming a resist film on a surface of an object to be pro-

cessed, by using a resist composition; and

exposing and developing the resist film,

wherein the resist composition comprises one of a tannin

and a derivative thereot, and a polymer at an amount that
does not exceed 1/100 1n a mass ratio with respect to the
solid content of the resist composition, wherein the poly-
mer has a simple repeating unit from a low molecule
compound.

12. The method of forming a resist pattern according to
claim 11, wherein water 1s used for developing the resist film.

13. The method of forming a resist pattern according to
claim 12, wherein the pH of the water 1s 4 to 10.

14. A method of manufacturing a semiconductor device
comprising;

forming a resist film on a surface of an object to be pro-

cessed, by using a resist composition;

exposing and developing the resist film to form a resist

pattern; and

patterning the surface of the object by performing an etch-

ing through the resist pattern as a mask,

wherein the resist composition comprises one of a tannin

and a derivative thereot, and a polymer at an amount that
does not exceed 1/100 1n a mass ratio with respect to the
solid content of the resist composition, wherein the poly-
mer has a simple repeating unit from a low molecule
compound.

15. The method of manufacturing a semiconductor device
according to claim 14, wherein, aiter patterning the surface of
the object, the resist pattern 1s removed by using an alkali
aqueous solution.

16. The method of manufacturing a semiconductor device
according to claim 15, wherein the pH of the alkali aqueous
solution 1s 13 or more.

17. A semiconductor device manufactured by the method
of manufacturing a semiconductor device according to claim
14.

18. A resist composition comprising:

one of a tannin and a derivative thereof,

an acid generator, and

a polymer at an amount that does not exceed 1/100 1n a

mass ratio with respect to the solid content of the resist
composition, wherein the polymer has a simple repeat-
ing unit from a low molecule compound.” This claim
now includes an acid generator which places the case in
condition for allowance wherein the prior art to
INOKAWA et al fails to recite that ingredient in the
tannin containing composition.
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